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Transition-metal-containing metallacycles are currently attracting considerably attentions 
because of their unique properties and organometallic reactivities. In this report, several unprecedent 
fused osmacycles were prepared by employing some classic organic reactions. The related 
mechanisms of these reacions have also been thoroughly studied. In addition, several key 
intermediates of the reactions have been isolated and structurally characterized. This report consists 
of the following three sections: 
In Section 1, the key intermediates in the iodine-mediated electrophilic cyclization reactions of 
metallabenzenes have also isolated and structurally characterized, which is different to the general 
accepted iodonium form. DFT calculations further support that the intimate ion pair resonance form 
makes a greater contribution to the overall structure of the complex. And these reactions also 
represent the first successful examples of employing this valuable methodology in metallacycle 
chemistry.  
In Section 2, the first m-metallapyridine and the first metallapyridyne have been successfully 
synthesized under mild reaction conditions. The two novel complexes can also be regarded as the 
first metallaisoquinoline and the first metallaisoquinolyne. DFT calculations were carried out to 
evaluate the aromaticity related to the metallapyridyne ring of complexes. 
In Section 3, the first examples of cine-substitution reactions of metalla-aromatics have been 
studied experimentally and studied computationally. All the investigations support that the 
cine-substitution reactions resemble the classical ANRORC mechanism. These findings were 
corroborated by DFT calculations and demonstrate that the nucleophilicity of the nucleophiles and 
the basicity of the reaction conditions are crucial for the cine-substitution reactions. 
In Section 4, the conversion of hydrido-butenylcarbyne complex to metallabenzene via triple 
hydrogen eliminations has been studied experimentally and computationally. With the aid of DFT 
calculations and further experimental proof, we demonstrated that the lability of the nitrile ligand is 






































































































锇苯 1-1、5 当量的碘单质和过量的 KOH 在 THF/H2O(v/v, 30:1)的混合溶剂
中，可以 79%的产率得到化合物 1-2。而无 KOH 的条件下，则单一地得到化合
物 1-3，分离产率达到 92%。进一步的研究发现，化合物 1-3 和过量的 KOH 反
应，可以 73%的产率分离得到化合物 1-2。因此，认为化合物 1-3 实际上是锇苯



























Figure 1.1 X-ray structure of complex 1-2 (ellipsoids at the 50% probability level). 
Phenyl rings in PPh3 groups and some of the hydrogen atoms are omitted for clarity. 
 
Figure 1.2 X-ray structure of complex 1-3 (ellipsoids at the 50% probability level). 
Phenyl rings in PPh3 groups, some of the hydrogen atoms and the counter anion are 
omitted for clarity. 
化合物 1-3 的单晶结构如 Figure 1.2 所示，为锇苯环上并有一个含氧锇杂三
元环，且锇苯环上带有一个炔基被碘活化后的官能团。在键长方面，
















C(1)—C(2)(1.361(14) Å) 与 C(3)—C(4)(1.344(15) Å) 的 键 长 也 比








其 键 长 数 值 是 典 型 的 三 键 键 长 ， 但 是 C(6) 和 C(7) 参 与 的 两 个 键 角
S(1)—C(6)—C(7)(136.9(17)º)和C(6)—C(7)—C(11)(128.7(18)º)都远小于180º，而更








DFT 理论计算结果进一步证实了紧密型离子对 1-3 共振结构的重要性。如
Figure1.3 所示，计算所得的 C7-I1 键和 C6-I2 键的 Wiberg bond indices （键级
参数，用于表征化学键的强度）分别为 0.87 和 0.70。由此可以推测化合物 1-3
结构中的碳正离子被邻位硫原子上的孤对电子稳定，体现为 S1-C6 (1.713(14) Å)
的键长明显短于 S1-C4 (1.768(10) Å)键长这一现象。而 C6-C7 (1.17(2) Å)键长比


































此外，通过 O18 标记的 H2O 进一步对 1-1 到 1-2 的转化机理进行验证。实验
表明：1) 1-3 中 O18 含量为 100%，其分子离子峰[M-I3]
+为 1561.0194 (理论计算值
为 1561.0196). 2) 1-3 中 O18 含量也为 100%，其分子离子峰 [M+Na]+为
1457.1046(理论计算值为 1457.1049)。标记实验证实 1-3 和 1-2 的氧原子来源于反
应中的水。 
此外，若反应中不加入 KOH，则 1-4 的 CH2Cl2 溶液即使加热到 60℃也不会
转化为 1-2。而如果向 1-3 的 CH2Cl2 溶液中加入
nBuN4I，室温下 7h 即可完全转
化为 1-2。这表明：1) I-离子可以促进 1-3 向 1-2 的转化。2)反应条件中的 KOH
与体系中的 I3
-结合能够释放出 I-离子，从而进一步促进 1-3 向 1-2 的转化。 
结合上述的结果，推测了从锇苯 1-1 到 1-2 的转化机理。如 Scheme 1.4 所示，
首先碘亲电加成到炔烃的三键上得到中间体 A，随后水亲核进攻锇苯环上的邻位
碳原子，生成 ϬH加成物 B。B 在碘氧化下芳构化得到 C，C 中氧原子上的氢被
反应体系中的过量碘氧化，得到 1-3。1-3 结构中外围 I3
-可与 KOH 反应释放出 I-
离子，该 I-离子与离子对中的 I-离子可共同还原锇中心，得到中间体 D 和碘单质。






























All the calculations were performed with the Gaussian 03 software package.[15] 
Input geometry of the complex 3 was taken from the X-ray coordinates. Single point 
energy calculation and natural bond orbital (NBO)[16] analysis was performed at the 
















(ECPs) of Hay and Wadt with a double-ζ valence basis set (LanL2DZ) were used to 
describe Os, P, I and S atom, whereas the standard 6-31G* basis set was used for C, O, 
and H.[18] Polarization functions were added for Os (ζ(f) = 0.886), S (ζ(d) = 0.421), I 
(0.266and P (ζ(d) = 0.34).[19]  
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如 Scheme 2.2 所示，锇苯 1-1 与 4 当量的碘单质在 CH2Cl2 中室温下反应 12 




化合物 2-1 的结构得到了 X-射线单晶衍射的确认，其主体结构为锇杂异喹
啉单元，同时还包含了一个硫杂四元环和一个含硫的锇杂三元环单元。如 Figure 
2.1 所示，Os1/C1/C2/C3/C4/C5/C6/C7/C8/N1 十个原子组成的锇杂异喹啉单元是
共平面的(偏离拟合平面的均方根偏差值：0.0195 Å)，其中 C6 偏离该平面为
0.0385 Å。更有趣的是，Os1/C1/C2/C3/C4/C5/C6/C7/C8/N1/S1/S2 十二个原子组
成的四个环也在同一个平面上，而且其平面性更好，体现为其偏离拟合平面的均
方根偏差值为 0.0178 Å。化合物 2-1 结构中的锇杂吡啶环与 Roper 课题组报道的
第一例金属苯（锇苯）[17]很相似，其六元环外都并有一个含硫锇杂三元环。 
 
Figure 2.1 X-ray structure of complex 2-1 (ellipsoids at the 50% probability level). 
Phenyl rings in PPh3 groups, some of the hydrogen atoms and the counter anion are 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
